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The determination of Ba, Ca, Cu, Fe, Mg, Mn, P, Pb, and Zn by inductively coupled plasma optical emission
spectrometry (ICP OES), and Se by graphite furnace atomic absorption spectrometry (GF AAS), has been
carried out in dry matter and teas from 11 samples of the cat’s claw plant. The accuracy and precision
values were verified against GBW 07604 (Poplar leaves) certified reference material and by the recovery
test. Results showed a high content of Ca in the medicinal plant studied, followed by Mg and P. The values
obtained showed that the elements studied have different concentrations depending on the method of
tea preparation. The highest levels were observed in Ca and Mg, and the lowest for Se and Pb, by both
infusion and decoction. Teas prepared from this plant were found to be at safe levels for human consump-
tion, and may be suitable as sources of these elements in the human diet.
 2015 Elsevier Ltd. All rights reserved.1. Introduction
The use of herbal medicines to relieve and treat many diseases
has increased worldwide due to herbal medicine’s mild features
and low collateral effects (Basgel & Erdemog˘lu, 2006). Medicinal
plants play a major role in absorbing a number of essential ele-
ments in human nutrition (Nkono & Asubiojo, 1997).
Cat’s claw plant is a plant from South and Central America,
which has become relatively popular in many countries, because
of its proven immunostimulatory and anti-inflammatory activities
as well as its anti-cancer and antioxidant properties. The two most
common species of cat’s claw are Uncaria tomentosa and Uncaria
guianensis. The main characteristic of these species, typical of trop-
ical regions, is the thorns, which are in the shape of a cat’s claw.
Cat’s claw (U. guianensis) is a creeping plant, which has difficulty
climbing trees, because its thorns have curves, in the shape of
the ram’s horn (Shanley, Serra, & Medina, 2010). This species pre-
dominate in northern Brazil. The bark, roots and leaves of this plant
are commonly used to make teas. Teas of this plant are used in
popular medicine to treat various health problems, including
rheumatism, arthritis, gastrointestinal disorders, viral infections
and cancer (Heitzman, Neto, Winiarz, Vaisberg, & Hammond,
2005).Tea is one of the most popular beverages around the world,
after water. Studies have shown that tea consumption has benefi-
cial health effects (Al-Oud, 2003). The consumption of tea is asso-
ciated with a decrease in serum cholesterol, of inhibiting the
oxidation of low density lipoproteins, decreased risk of cardiovas-
cular disease and cancer (Chung, Schwartz, Herzog, & Yang, 2003).
In tea also exist other compounds that are beneficial for human
health such as fluoride, caffeine, catechins, flavonoids, and various
minerals (Cabrera, Giménez, & López, 2003). Han, Zhao, Shi, Ma,
and Ruan (2006) showed that the presence of trace elements in
teas is because plants are usually grown in acidic soils where trace
elements are most bioavailable to potential root absorption.
Bioavailability of the elements depends on the composition of
the soil (Pytlakowska, Kita, Janoska, Połowniak, & Kozik, 2012).
Plants absorb trace elements through their roots. The rain, atmo-
spheric dust, plant protection products, and fertilizers can also be
sources of various elements for plants, which can be absorbed
through the leaves (Łozak, Sołtyk, Ostapczuk, & Fijałek, 2002).
The study of the concentration of chemical elements in plants
and teas it is important to evaluate their toxicological and nutri-
tional values. Copper, for example, is mostly present in the soil in
the form of Cu2+, the form in which it is absorbed by plants, which
performs the functions of protein synthesis, carbohydrate metabo-
lism and symbiotic nitrogen fixation (Sodré & Lenzi, 2001). It is an
important element in the process of biological transfer of electrons,
and also is vital for the synthesis of red blood cells and the main-
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(Dabbaghmanesh, Salehi, Siadatan, & Omrani, 2011).
Many studies have been carried out to determine the levels of
trace elements in plants and teas using flame atomic absorption
spectrometry (FAAS) (Amarante, Silva, Müller, & Müller, 2011;
Dambiec, Polechon´ska, & Klink, 2013; Diniz, Dantas Filho, Müller,
Fernandes, & Palheta, 2013; Paz-Rodríguez, Domínguez-González,
Aboal-Somoza, & Bermejo-Barrera, 2015), graphite furnace atomic
absorption spectrometry (GF AAS) (Kalicˇanin & Velimirovic´, 2013),
inductively coupled plasma optical emission spectrometry (ICP
OES) (Al-Oud, 2003; Basgel & Erdemog˘lu, 2006; Froes, Borges
Neto, Beinner, Nascentes, & Silva, 2014; Pytlakowska et al., 2012;
Szymczycha-Madeja, Welna, & Pohl, 2014, 2015; Szymczycha-
Madeja, Welna, & Zyrnicki, 2013), inductively coupled plasma-
mass spectrometry (ICP-MS) (Milani, Morgano, Saron, Silva, &
Cadore, 2015; Tokalıog˘lu, 2012) and neutron activation analysis
(NAA) (Mahani & Maragheh, 2011).
The purpose of this study was to investigate the levels of Ba, Ca,
Cu, Fe, Mg, Mn, P, Pb, Se and Zn in the cat’s claw plant and its teas,
prepared via two different methods (infusion and decoction), to
better understand its nutritional value and verify that it can be
consumed without risk to human health.2. Materials and methods
2.1. Instrumentation
The determinations of total concentration of Se in the plant
digests and teas were carried out using a Varian Spectra AA 240Z
atomic absorption spectrometer (Mulgrave, Victoria, Australia)
equipped with a transverse Zeeman Effect background corrector
and a longitudinal-heated graphite furnace atomizer. A selenium
hollow cathode lamp was employed as a radiation source, operat-
ing at 8 mA. Absorbance signals were measured using the
196.0 nm line at a spectral resolution of 0.2 nm. All measurements
were based on integrated absorbance. Argon (99.999% pure, Linde
Gases, Ananindeua, PA, Brazil) was used as the purging gas
(3.0 L min1) during all steps of the graphite furnace heating pro-
gram, except atomization. The temperature program used for
determination of Se is shown in Table 1.
An inductively coupled plasma optical emission spectrometry
model iCAP 6500 (Thermo Fisher Scientific, Cambridge, England),
with dual configuration (axial and radial) and operational software
iTEVA was used for simultaneous multi-element determination of
Ba, Ca, Cu, Fe, Mg, Mn, P, Pb, and Zn in plant digests and teas. Oper-
ating parameters were as follows: 1.15 kW of a RF power,
12 L min1 of a plasma flow rate, 0.5 L min1 of an auxiliary gas
flow rate and 0.5 L min1 of a nebulizer flow rate. Sample solutions
were introduced into the plasma using a Concentric nebulizer and
a Cyclonic type spray chamber. Analytical lines of Ba II 493.409 nm,
Ca II 396.847 nm, Cu II 224.700 nm, Fe II 238.204 nm, Mg I
285.213 nm, Mn II 257.610 nm, P I 185.942 nm, Pb II 182.205 nm
and Zn I 213.856 nm were measured. Argon (99.999% pure, Linde
Gases, Ananindeua, PA, Brazil) was used to purge the optics and
to form the plasma.Table 1
GF AAS temperature program for determination of total selenium.
Step Temperature (C) Time (s)
(ramp, hold)
Ar flow rate
(L min1)
Drying1 95 2, 10 3.0
Drying2 120 10, 40 3.0
Ashing 1000 5, 10 3.0
Atomization 2000 0.8, 2 0
Cleaning 2400 1, 3 3.0The acid digestion of samples was performed in a microwave
oven, Start E (Milestone, Sorisole, Italy). A cryogenic mill, SPEX
SamplePrep model 6770 (Metuchen, NJ, USA), was used for grind-
ing cat’s claw plant.
2.2. Reagents, solutions and samples
All reagents used were analytical grade. All dilutions were made
using ultrapure water (resistivity 18.2 MX cm1) obtained from a
Synergy-UV water purification system (Millipore, Bedford, USA).
All glassware and plastic bottles used was previously decontami-
nated by immersion in a 10% (v v1) HNO3 solution for 24 h and
rinsed with distilled-deionized water before use.
All solutions and samples were stored in decontaminated poly-
ethylene vials.
Nitric acid (Sigma–Aldrich, Steinheim, Germany), previously
purified using a sub-boiling distillation system (Berghof, model
BSP 929-IR, Germany) and H2O2 30% mm1 (Impex, Brazil), was
used to digest the samples.
Standard solutions for calibration were prepared by suitable
dilution of the stock solutions containing 1000 mg L1 (Sigma,
USA): 1.0–5.0 mg L1 for Ba and Pb and 2.0–10.0 mg L1 for Ca,
Cu, Fe, Mg, Mn, P and Zn in 5.0% (v v1) nitric acid.
A stock solution containing 1000 mg L1 of selenium (Sigma,
USA) was used for the preparation of the analytical curve, in
0.028 mol L1 HNO3.
Pd(NO3)2 and Mg(NO3)2 (Sigma, USA) were used as chemical
modifiers.
The certified reference material GBW 07604 Poplar leaves
(CRMs, Beijing, China) was used for accuracy of the method by
ICP OES.
Eleven samples were studied in the experiment. The samples
were acquired in herbal shops, the market Ver-o-Peso and at
Embrapa Amazonia Oriental in Belém-PA. Different parts of the
plant were obtained: bark (samples 1, 2 and 4), capsule (sample
3), liana (samples 5, 6, 7, 8 and 11) and leaves (sample 9 and 10).
2.3. Procedures
2.3.1. Sample preparation and analysis procedures
All samples were previously rinsed with tap water followed by
deionized water, and then dried at 40 C to constant weight. Dried
samples were ground in a cryogenic mill. A two step program was
applied: step I (pre-freezing): 10 min, step II (milling): 2 min inter-
calated by cycles of freezing of 2 min. Then, the samples were
stored in labeled, tightly sealed polyethylene containers.
A mass of 0.25 g was weighed for each sample in replicate
(n = 3) and digested with 4.0 mL of 7.0 mol L1 HNO3 and 4.0 mL
of 30% (mm1) H2O2 in a microwave oven (Diniz, 2012). The heat-
ing program consisted of 3 steps: 800 W, 180 C for 10 min; 800W,
180 C for 20 min; and ventilation for 50 min. The digests were
transferred to volumetric flasks and diluted to 25.0 mL with ultra-
pure water. Blank experiments were carried out in the same way.
The certified reference material analysis GBW 07604 (Poplar
leaves) (n = 3) was made by using dissolving method mentioned
above.
The determinations of selenium in the digests and teas were
performed by GF AAS using a Pd + Mg solution as a chemical mod-
ifier. The heating program (Table 1) was established using solution
containing 30 lg L1 of Se in 0.028 mol L1 HNO3.
2.3.2. Infusion preparation
To prepare the infusion, 1.0 g of the dried sample was placed in
a beaker and then 25 mL boiling water was added and the sample
was covered and left at room temperature for 10 min. After cool-
ing, the extract was filtered through quantitative filter paper
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of teas, aliquots of distilled HNO3 were added to obtain a 5.0%
(v v1) acid concentration in which were transferred to a 10.0 mL
volumetric flask and the resulting solutions were analyzed by ICP
OES and GF AAS for quantitation. All analyzes were performed in
triplicate.
2.3.3. Decoction preparation
To prepare the teas by decoction, 1.0 g of the dried sample was
placed in a beaker and then 25.0 mL of ultrapure water was added.
The samples were boiled under cover on a heating plate for 2 min.
Next, the sample was covered and left at room temperature for
10 min. After cooling, the extract was filtered through quantitative
filter paper (Whatman No. 589 Blue Ribbon) (Kalicˇanin &
Velimirovic´, 2013). After this, in each of teas, aliquots of distilled
HNO3 were added to obtain a 5.0% (v v1) acid concentration in
which were transferred to a 10.0 mL volumetric flask and the
resulting solutions were analyzed by ICP OES and GF AAS for quan-
titation. All analyzes were performed in triplicate.
2.4. Figures of merit
Limits of detection (LOD) and limits of quantification (LOQ) by
ICP OES were calculated according to previous studies (Thomsen,
Roberts, & Burguess, 2000) and demonstrated in the following
equations:
SBR ¼ ISR  IBlank=IBlank BEC ¼ CSR=SBR
where CSR is the concentration of the reference solution multi-
element; SBR is the analytical signal/background signal; and ISR
and IBlank are the intensities of the reference solution and the inten-
sity of the blank signal, respectively.
LOD ¼ ð3 BEC RSDBlankÞ=100
LOQ ¼ ð10 BEC RSDBlankÞ=100
where RSDBlank is the standard deviation of the blank (n = 10). How-
ever, LOD and LOQ by GF AAS were calculated using 10 measures of
the analytical blank, where LOD = 3  s/m and LOQ = 10  s/m,
where ‘s’ is the standard deviation of analytical measurements of
the blank and ‘m’ is the slope of the analytical calibration curve
(Harris, 2007). Limit of detection and limit of quantification values
are presented in Table 2.
3. Results and discussion
3.1. Method validation
The accuracy of the method was tested by analyzing certified
reference material (GBW 07604 – Poplar leaves). The results indi-Table 2
Parameters of merit for ICP OES and GF AAS⁄.
Elements SBR CSR
(mg L1)
BEC
(mg L1)
LOD
(lg g1)
LOQ
(lg g1)
R2
Ba 4.5 3.0 0.65 0.42 1.42 1.0000
Ca 77.3 6.0 0.08 0.16 0.53 1.0000
Cu 50.2 6.0 0.12 0.19 0.64 0.9999
Fe 63.5 6.0 0.09 0.59 1.91 0.9996
Mg 55.3 6.0 0.11 0.56 1.81 0.9999
Mn 247.2 6.0 0.02 0.14 0.48 0.9998
P 13.3 6.0 0.45 0.37 1.22 1.0000
Pb 8.7 3.0 0.34 0.72 2.46 1.0000
Se⁄ NC NC NC 0.003 0.011 0.9997
Zn 263.7 6.0 0.02 0.02 0.07 0.9998
NC: not calculated; LOD: limit of detection; LOQ: limit of quantification.
⁄ Selenium was determined by GF AAS.cated that the concentrations of elements determined by ICP OES
method are in agreement with the certified value (Table 3). How-
ever, the accuracy of the method by GF AAS was evaluated by add-
ing concentrations of 5, 10, 15 and 20 lg L1 Se in the samples
before digestion. Subsequently, the samples were subjected to
the digestion process, assisted by microwave radiation. After this,
selenium was determined by GF AAS. This procedure aimed to
evaluate whether there were losses of Se volatilization during the
sample preparation procedure. Recoveries ranged from 87% to
114%. The acceptable recovery levels may infer that there was no
loss of Se in the sample preparation procedure.
The accuracy of the measurements by ICP OES and GF AAS was
also verified by the recovery test. The digests samples and teas
(infusion and decoction) were spiked with four different concen-
tration levels (Ba, Ca, Cu, Fe, Mg, Mn, P, Pb, and Zn at 1.5, 2.5, 3.5
and 4.5 mg L1 and Se 10, 15, 20 and 25 lg L1) and resulting solu-
tions analyzed by ICP OES and GF AAS. All recovery values were
acceptable ranged from 85% to 102% for Ba, 100% to 106% for Ca,
101% to 108% for Cu, 99% to 104% for Fe, 99% to 107% for Mg,
95% to 98% for Mn, 99% to 105% for P, 98% to 103% for Pb, 83% to
101% for Se, and 99% to 104% for Zn. The results revealed good pre-
cision under the analytical conditions used, since the relative stan-
dard deviations (RSD) were lower than 5%.3.2. Concentrations of elements in the dried plant
Trace elements are present in herbal medicines in different con-
centrations. These levels are influenced by several factors, such as
the type of plant, the type of soil, the climate, and the type of agri-
culture. The metal concentration may vary depending on the plant.
Typically, the roots contain higher levels of trace elements
(Tokalıog˘lu, 2012). The mean concentrations of elements in the
studied plant samples are shown in Table 4.
In this study, the most abundant element among the macroele-
ments was Ca, followed by Mg and P, while among the trace ele-
ments Fe was the most abundant, followed by Mn, Ba, Zn and Cu.
The levels of Se were found in greater concentrations compared
to Pb. These results confirm the data reported by Gallaher,
Gallaher, Marshall, and Marshall (2006) that Ca levels in plants
are higher than Mg and P, while the amount of phosphorus is
higher than Mn and Fe.
Ba is a non-essential element and it can be toxic when found in
high concentrations. Exposure to soluble barium salts can cause
various health problems such as hypertension, renal malfunction
and heart problems (Oskarsson & Reeves, 2007). The Ba content
in the samples ranged from 2.05 to 157 lg g1. Kara (2009)
reported high mean values of Ba concentrations in different herbal
teas from Poland (4–81 lg g1).
Ca is the most abundant mineral in the body. Approximately
99% of total body Ca is in the skeleton, with only minor amounts
in the plasma and extravascular fluid. Mg is the fourth mostTable 3
Assessment of the accuracy of the method by certified reference material, GBW
07604. Data are mean ± SD (n = 3).
Elements Certified value
(lg g1)
Obtained value
(lg g1)
Recovery
(%)
Ba 26 24.0 ± 0.5 92
Ca 18,100 18047.7 ± 146.6 100
Cu 9.3 8.5 ± 0.7 91
Fe 274 227.4 ± 3.4 83
Mg 6500 6280.4 ± 59.3 97
Mn 45 43.4 ± 0.4 96
P 1680 1532.5 ± 5.8 91
Pb 1.5 1.61 ± 0.01 107
Zn 37 38.8 ± 2.1 104
Table 4
Concentration of elements (in lg g1) in the cat’s claw plant (mean ± S.D., n = 3).
Sample Ba Ca Cu Fe Mg Mn P Pb Se Zn
1 157 ± 1 16,385 ± 40 4.99 ± 0.28 120 ± 4 1520 ± 27 132 ± 2 2541 ± 5 1.8 ± 0.1 3.5 ± 0.2 12.3 ± 0.2
2 <LOD 24,044 ± 325 3.5 ± 0.1 92 ± 4 641 ± 5 172 ± 1 1422 ± 13 2.73 ± 0.04 3.9 ± 0.1 13.7 ± 0.4
3 54.4 ± 0.2 12,248 ± 51 3.74 ± 0.09 156 ± 9 1118 ± 15 46.2 ± 0.3 1899 ± 36 <LOD 3.29 ± 0.02 9.6 ± 0.2
4 98.9 ± 0.6 17,422 ± 14 3.99 ± 0.02 99 ± 2 1504 ± 2 97.6 ± 0.1 1574 ± 1 <LOD 0.96 ± 0.05 4.8 ± 0.2
5 22.6 ± 0.3 14539 ± 197 4.02 ± 0.10 30.5 ± 0.4 1555 ± 17 5.9 ± 0.1 1549 ± 1 0.8 ± 0.1 2.58 ± 0.04 11.04 ± 0.05
6 30.3 ± 0.4 5564 ± 83 3.2 ± 0.2 107 ± 1 1958 ± 5 43.5 ± 0.1 1269 ± 24 <LOD 5.7 ± 0.3 9.84 ± 0.02
7 17.5 ± 0.8 2408 ± 24 8.04 ± 0.69 101 ± 6 1052 ± 40 56 ± 2 961 ± 50 <LOD 2.2 ± 0.1 5.7 ± 0.2
8 10.68 ± 0.03 1570 ± 3 8.3 ± 0.1 30.5 ± 0.1 401 ± 3 5.6 ± 0.1 1227 ± 16 <LOD 4.03 ± 0.23 4.3 ± 0.1
9 4.0 ± 0.1 5834 ± 25 13.84 ± 0.02 85 ± 4 2074 ± 3 17.7 ± 0.1 1597 ± 9 <LOD 4.4 ± 0.2 9.3 ± 0.1
10 4.7 ± 0.2 9125 ± 113 13.9 ± 0.2 50.7 ± 0.5 3039 ± 42 37.5 ± 0.4 1767 ± 1 <LOD 5.8 ± 0.4 14.1 ± 0.6
11 2.05 ± 0.01 3233 ± 9 14.1 ± 0.8 29 ± 1 1276 ± 10 6.3 ± 0.1 2165 ± 41 <LOD 4.3 ± 0.1 36.3 ± 0.1
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cellular electrolyte (Koletzko, Goulet, Hunt, Krohn, & Shamir,
2005). The Ca and Mg levels in our study were in the ranges of
1570–24,044 lg g1 and 401–3039 lg g1, respectively. The mean
Ca concentration was 10,215 lg g1 while the mean Mg concentra-
tion was 1467 lg g1. The highest levels of Ca and Mg were
observed in samples 2 and 10, respectively. Łozak et al. (2002)
reported that the highest level of Ca (15,331 lg g1) and Mg
(5778 lg g1) was detected in the leaves of peppermint and nettles
from Poland.
Cu is a micronutrient for plants, but is also highly phytotoxic at
high concentrations (Brun, Maillet, Hinsinger, & Pépin 2001).
Excessive consumption of Cu is harmful to human health;
however, its deficiency can Pb to hypertension and infertility
(Vitali, Vedrina Dragojevic, & Sebecic, 2008). The Cu content in
the plants studied varied in the range of 3.2 lg g1 (sample 6) to
14.1 lg g1 (sample 11). The Cu levels in 30 medicinal herb
samples in Turkey (Tokalıog˘lu, 2012), seven types of medicinal
herbs from Poland (Pytlakowska et al., 2012) and 18 different
herbal teas from Poland (Kara, 2009) were reported in the range
of 3.3–30.2 lg g1, 1.1–3.2 lg g1 and 2.2–17.7 lg g1, respectively.
Fe deficiency is frequently associated with anemia (Schümann,
Ettle, Szegner, Elsenhans, & Solomons, 2007) and Zn deficiency in
humans leads to several disorders, but an excessive Zn intake can
cause acute adverse effects (Scherz & Kirchhoff, 2006). The mean
Fe and Zn levels were found to be 82 lg g1 and 12 lg g1, respec-
tively. The minimum and maximum concentrations of Fe were in
sample 11 (29 lg g1) and sample 3 (156 lg g1), respectively.
The lowest Zn level was determined in sample 8 (4.3 lg g1),
whereas the highest was in sample 11 (36.3 lg g1). The total con-
centration of six types of medicinal herbs were found in the range
of 15–342 lg g1 for Fe and 3.6–58.4 lg g1 for Zn (Malik et al.,
2013). The mean Zn level in 12 types of bagged black teas from
Poland, as studied by Dambiec et al. (2013) was 21.8 lg g1.
Mn is an essential trace element; it is found in all tissues. This
element is involved in the function of many organ systems. It is
necessary for normal immune function, to regulate blood sugar
and cellular reproduction, digestion, energy and bone growth,
and it is an antioxidant (Aschner & Aschner, 2005). The lowest
and the highest Mn levels observed were 5.6 lg g1 for sample 8
and 172 lg g1 for sample 2. In other plants from Brazil, Mn values
ranged from 4590 to 7141 lg g1 (Amarante et al., 2011), and in
plants from the Amazon region, from 2.9 to 154 lg g1 (Diniz
et al., 2013). Other Mn concentrations reported in the literature
varied from 3.4 to 454 lg g1 in medicinal herb samples from Tur-
key (Tokalıog˘lu, 2012) and from 45 to 672 lg g1 in plants from the
Czech Republic (Malik et al., 2013). Gallaher et al. (2006) reported a
mean value for Mn concentration of 1.1 lg g1 in medicinal herbs
from the United States. In this study, the mean value for Mn con-
centration was 56 lg g1, which is higher than the value of
8.8 lg g1 as reported by Pytlakowska et al. (2012).P is an element which acts as a cofactor in a number of enzyme
systems involved in carbohydrate, protein and fat metabolism. It is
an important component of phospholipids in cell membranes and
lipoproteins, and it is involved in the renal excretion of hydrogen
ions (Yeung & Laquatra, 2003). In our study, the levels of P were
found in the range of 961 lg g1 (sample 7) to 2541 lg g1 (sample
1). The average concentration was 1634 lg g1. The concentrations
of P in seven types of medicinal herbs from Poland were found in
the range of 1652 to 5731 lg g1 (Pytlakowska et al., 2012). The
levels of P in 12 types of bagged black teas from Poland were
reported in the range of 10,900–19,300 lg g1 by Dambiec et al.
(2013).
Pb is an environmental contaminant that can have serious risks
to human health. It can be accumulated in the skeleton, especially
in the bone marrow. In excess, Pb can cause behavioral abnormal-
ities, retarding intelligence and mental development (Liu, Wang,
Song, & Wu, 2010; Oymak, Tokalıog˘lu, Yılmaz, Kartal, & Aydın,
2009). The lowest Pb concentration in this study was 0.8 lg g1
in sample 5, while the highest concentration was 2.73 lg g1 in
sample 2. The levels of Pb in the samples did not exceed the limits
of 10 lg g1 recommended for medicinal plants (WHO, 2007).
Se is a trace element that is essential for humans and animals. It
is a cellular antioxidant, and a protective agent against toxic trace
elements, cancer and cardiovascular diseases (Al-Saleh, 2000). In
the present study, the lowest and the highest Se levels were
0.96 lg g1 in sample 4 and 5.8 lg g1 in sample 10, respectively.
In other studies, Se concentration ranges were 1.6–4.3 lg g1
(Özcan, Ünver, Uçar, & Arslan, 2008) and 4.9–16.5 lg g1 (Ferri,
Coccioli, De Luca, Callegari, & Morabito, 2004) for different plants.
The different parts of the plant presented distinct concentra-
tions in relation to levels of metals. The highest concentrations of
Ba, Ca, Fe, Mn and P were found in the bark of the plant. However,
Cu, Mg and Se have tended to accumulate in the leaves. The lianas
showed the highest levels of Zn. These results demonstrate a high
capacity for translocation of metals absorbed in different parts of
the plant. Previous studies demonstrated that besides the depend
on the mineral content of variability in the form of cultivation,
the accumulation of minerals can also depend on the genetic char-
acteristics of the plant (Collins, Sharitz, & Coughlin, 2005;
Sovetkina, Kalenik, Bulgakov, Iasnetskaia, & Zhuravlev, 2001).
3.3. The content of elements in teas
In our study, the results showed that the extracted elements
were present in different proportions, which depended on the ele-
ment studied and the extraction method used. The method of tea
preparation (infusion or decoction) did not significantly affect the
concentration of the elements in terms of the order of most to least
concentrated, which was as follows: Ca > Mg > P > Mn > Zn > Fe >
Cu > Ba > Se > Pb for infusion, and Ca > Mg > P > Mn > Zn > Fe >
Ba > Cu > Se > Pb for decoction.
Table 5
Levels of elements (in lg g1) in teas by infusion and decoction methods (mean ± S.D., n = 3).
Sample Teas Ba Ca Cu Fe Mg Mn P Pb Se Zn
1 Ia 3.2 ± 0.2 291 ± 5 1.2 ± 0.1 2.6 ± 0.1 163 ± 10 7.8 ± 0.4 487 ± 3 <LOD 0.06 ± 0.01 3.8 ± 0.3
Db 10.3 ± 0.4 869 ± 24 2.21 ± 0.05 6.1 ± 0.1 495 ± 11 23 ± 1 994 ± 16 <LOD 0.032 ± 0.002 2.62 ± 0.05
2 Ia <LOD 311 ± 15 0.68 ± 0.01 1.21 ± 0.05 186 ± 7 26 ± 1 38 ± 2 <LOD 0.05 ± 0.01 2.75 ± 0.1
Db <LOD 503 ± 16 0.97 ± 0.02 2.4 ± 0.1 273 ± 6 39 ± 1 89 ± 4 <LOD 0.015 ± 0.003 3.1 ± 0.1
3 Ia 1.62 ± 0.01 388 ± 9 0.93 ± 0.03 2.0 ± 0.1 589 ± 19 10.5 ± 0.3 108 ± 8 <LOD 0.12 ± 0.01 5.3 ± 0.1
Db 2.2 ± 0.1 590 ± 9 0.75 ± 0.02 2.75 ± 0.04 897 ± 22 16.7 ± 0.7 130 ± 2 <LOD 0.033 ± 0.001 3.86 ± 0.01
4 Ia 2.8 ± 0.2 591 ± 4 1.49 ± 0.02 1.3 ± 0.1 403 ± 10 14.1 ± 0.2 83 ± 2 <LOD 0.11 ± 0.01 3.9 ± 0.2
Db 9.3 ± 0.2 1267 ± 25 2.58 ± 0.07 3.73 ± 0.05 887 ± 14 31.3 ± 0.3 152 ± 3 <LOD 0.032 ± 0.004 3.4 ± 0.1
5 Ia 1.4 ± 0.1 281 ± 14 0.71 ± 0.05 1.73 ± 0.01 416 ± 22 0.8 ± 0.1 21.1 ± 0.1 <LOD 0.12 ± 0.01 1.33 ± 0.09
Db 6.7 ± 0.2 658 ± 1 1.07 ± 0.02 3.0 ± 0.1 1241 ± 6 2.47 ± 0.01 52.8 ± 0.2 <LOD 0.035 ± 0.002 2.47 ± 0.02
6 Ia 1.98 ± 0.03 317 ± 4 0.94 ± 0.02 5.2 ± 0.1 747 ± 4 11.1 ± 0.1 72.9 ± 0.1 <LOD 0.13 ± 0.01 2.1 ± 0.1
Db 5.5 ± 0.2 505 ± 3 1.12 ± 0.03 7.67 ± 0.03 1183 ± 9 17.9 ± 0.1 96 ± 1 <LOD 0.023 ± 0.003 2.8 ± 0.1
7 Ia <LOD 167 ± 2 0.70 ± 0.05 4.1 ± 0.3 152 ± 1 5.6 ± 0.1 112 ± 1 <LOD 0.11 ± 0.01 0.93 ± 0.02
Db 1.61 ± 0.03 296 ± 1 1.01 ± 0.01 7.0 ± 0.1 284 ± 6 10.0 ± 0.1 157 ± 10 <LOD 0.043 ± 0.002 1.04 ± 0.09
8 Ia 0.58 ± 0.02 219 ± 16 0.94 ± 0.02 2.1 ± 0.1 141 ± 7 1.45 ± 0.02 181.6 ± 0.1 <LOD 0.23 ± 0.02 1.54 ± 0.04
Db 2.46 ± 0.05 384 ± 3 1.40 ± 0.05 3.5 ± 0.1 241 ± 3 2.16 ± 0.04 286 ± 5 <LOD 0.054 ± 0.002 1.9 ± 0.1
9 Ia <LOD 1221 ± 13 0.93 ± 0.03 2.5 ± 0.1 950 ± 54 6.7 ± 0.3 247 ± 5 <LOD 0.42 ± 0.01 2.08 ± 0.05
Db 0.69 ± 0.01 2086 ± 32 0.86 ± 0.01 3.79 ± 0.05 1367 ± 32 11.8 ± 0.1 353 ± 2 <LOD 0.047 ± 0,005 3.4 ± 0.1
10 Ia 2.4 ± 0.2 5943 ± 288 2.25 ± 0.05 3.0 ± 0.1 874 ± 19 18.1 ± 0.9 585 ± 11 <LOD 0.54 ± 0.02 10.6 ± 0.1
Db 2.9 ± 0.2 7031 ± 285 7.0 ± 0.2 3.2 ± 0.2 1282 ± 15 23.1 ± 0.8 671 ± 1 <LOD 0.087 ± 0.005 11.9 ± 0.4
11 Ia <LOD 447 ± 30 3.4 ± 0.1 0.95 ± 0.02 894 ± 26 2.63 ± 0.2 11128 ± 24 <LOD 0.89 ± 0.03 11.8 ± 0.8
Db <LOD 727 ± 43 6.8 ± 0.2 2.20 ± 0.04 1040 ± 11 4.68 ± 0.1 1566 ± 22 <LOD 0.12 ± 0.01 21.8 ± 0.1
a Infusion.
b Decoction.
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accordance with the information extraction efficiency into three
groups: high extractable elements (>55%), for example, Ni; moder-
ately extractable elements (22–55%), e.g., Mn, Mg, Al, Zn and Cu;
and poorly extractable elements (<20%), for example, Fe and Ca.
The levels of minerals in teas are listed in Table 5.
The concentration of Fe in infusions and decoctions was in the
range of 0.95–5.2 lg g1 and 2.20–7.67 lg g1, respectively. Fe
was detected in all teas with extraction efficiency between 0.6%
for infusion and 4.9% for decoction. Pytlakowska et al. (2012)
reported that the concentration of Fe in teas consumed in Poland
varied from 0.5 to 6.2 lg g1. A report also showed that the Fe con-
centration in teas consumed in Turkey varied from 2.4 to
107 lg g1 (Basgel & Erdemog˘lu, 2006).
Although high Ca levels were present in all samples, the extrac-
tion percentage was lower in teas. Ca in infusions ranged from 167
to 5943 lg g1 (0.69–24%), while Ca concentrations in decoction
ranged from 296 to 7031 lg g1 (1.23–29%). The average Ca in teas
was 1141 lg g1 (4.74%). The results of this study were higher than
the values reported by Dambiec et al. (2013), who showed
320 lg g1 of Ca in tea samples. Szymczycha-Madeja, Welna, and
Pohl (2012) suggested that Ca is poorly extracted, and about 17%
of its total content may be leached by infusion.
Mg in the teas varied from 141 to 1367 lg g1 whereas its con-
centration in the infusions and decoctions varied between 141–
950 lg g1 and 241–1367 lg g1, respectively. The average con-
centration was 502 lg g1 (34%) for infusion and 836 lg g1
(57%) for decoction. The results presented correspond to those
reported by Gallaher et al. (2006), where the mean percentage
extraction of Mg was 38%. So, this metal could be classified a mod-
erately extracting element (20–55%) (Szymczycha-Madeja et al.,
2012).
The concentration of Mn in the tea ranged from 0.8 lg g1 (infu-
sion) to 39 lg g1 (decoction). The mean percentage extraction of
Mn was 22% and this value is consistent with that reported by
Gallaher et al. (2006) (24%). Szymczycha-Madeja et al. (2012) con-sidered Mn to be a moderately extractable element. Ozdemir and
Güçer (1998) reported that 30% of Mn from water extracted from
a tea infusion were present in the form of man (II).
The Cu and Zn levels in teas were in the ranges of 0.68–7 lg g1
and 0.93–21.8 lg g1, respectively. The mean Cu concentration in
the teas was 1.8 lg g1 (24%), while the mean Zn concentration
was 4.7 lg g1 (40%). Pytlakowska et al. (2012) reported that the
mean percentage of Cu and Zn released into teas consumed in
Poland was 36% and 22%, respectively.
In this study, the solubility of P in teas by infusion ranged from
0.8% to 23% for infusion and was relatively high for decoction (2–
62%). This corroborates findings by Szymczycha-Madeja et al.
(2012), who classified this metal as moderately extractable (20–
55%).
Pb was not detected in the teas. Values were below the limit of
detection of the technique used. Jin et al. reported that the
dissolution of Pb in teas occurs during contact with boiling water.
The levels of Se in teas ranged from 0.05 to 0.13 lg g1
(infusion) and from 0.015 to 0.035 lg g1 (decoction). These
results were higher than the values obtained by other authors
(Łozak et al., 2002).
The teas showed different concentrations in different parts of
the plant. The concentrations of Ca, Cu and Mg were higher when
the teas were prepared from the leaves. However, Fe, P, Se and Zn
were higher when the teas were prepared by the liana. The Ba
content was higher when the teas were prepared from the bark.
3.4. Estimated intake of elements in teas compared with the daily
recommended intake
To verify that the concentrations of the elements found in teas
were within safe limits for human consumption, assuming that an
adult consumes one cup of this type of tea per day, concentrations
were calculated per tea cup (200 mL). The calculated daily doses of
the metals studied showed that the teas can contribute to the daily
intake of these elements (WHO, 1996). If a person consumes one
336 J.B. Pereira Junior, K.G.F. Dantas / Food Chemistry 196 (2016) 331–337cup of tea per day, then these values show that the tea provides
2.8% of the daily human body needs for Ca, 2.5% for Mg and 0.6%
for P, by infusion. If the tea is prepared by decoction, the tea pro-
vides 4.3% for Ca, 4.2% for Mg and 0.9% for P. According to
Mossion, Potin-Gautier, Delerue, Le Hecho, and Behra (2008), the
water used to prepare the teas plays an important role in their
chemical composition. Therefore, if the tea is prepared using vari-
ous types of water, the tea may contain various concentrations of
the elements. In this study, teas were prepared with ultrapure
water.4. Conclusion
In this study, the mineral composition of the cat’s claw plant (U.
guianensis), grown in the Amazon region, was determined. The
levels of macroelements and trace elements in the plant were rel-
atively high and concentrations differed significantly between the
elements. Calcium was the most abundant element among the
macroelements, followed by Mg and P, while among the trace ele-
ments, Fe was the most abundant, followed by Mn, Ba, Zn and Cu.
The results showed a wide variation in the percentage of transfer of
elements into the cat’s claw plant teas in the two methods used in
the preparation (infusion, decoction). Among the studied elements,
Ca and Mg were the most soluble, while Se and Pb showed low sol-
ubility. This could to be related to the bioavailability of study ele-
ments in the soil. Generally, the total concentrations of the studied
elements determined in this study corroborate the results of other
authors.
With respect to the recommended daily intake of the elements
studied, the results of this study indicate that the teas prepared
from this plant were found to be safe for human consumption
and the tea could be used as a source of metals.Acknowledgements
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